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Abstract: In this study, a comprehensive analysis of deadwood was conducted in four macro-areas 
located in two beech forests of public utility in Enciso (La Rioja, Spain). Dendrometric data, as well 
as qualitative and quantitative characteristics of deadwood, were collected and analysed with re-
spect to the degree of accessibility to the forest to determine the effect of different levels of forest 
accessibility on deadwood volume and carbon stocks. All decomposition classes were present except 
the first, highlighting the development of natural degradation dynamics. Deadwood stored 6.9 t/ha of C 
in the easy accessibility class, 5.7 t/ha of C in the medium accessibility class and 2.2 t/ha of C in the 
difficult accessibility class. The average volume of deadwood and carbon stored calculated in this 
study were higher than the values reported in the Spanish and Italian national forest inventories, 
including one developed for Riojan beech forests. Deadwood volume was on average 22.5 m3/ha, show-
ing an unequal distribution, with the lowest values found far from the access roads, despite forest 
accessibility generally being considered a factor that facilitates the human collection of deadwood. 
The distribution patterns of deadwood in beech forests of La Rioja, apparently counterintuitive, 
were due to a combination of different factors, including slope, cattle grazing, and weather condi-
tions which might have favoured downward movement of the deadwood. 
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1. Introduction 
In beech forests, where the frequency of fires is very low, wood decomposes within 
the forest and this implies the existence of an entire trophic network that has evolved in 
conditions of abundance of this resource [1]. 
The terms “woody necromass” and “deadwood” define dead woody mass, including 
standing dead trees (snags), deadwood on the ground (logs), and dead stumps. In October 
2002, during the Expert Level Meeting of the Ministerial Conference on the Protection of 
Forests in Europe, deadwood volume was included among the pan-European quantita-
tive indicators of Sustainable Forest Management, in support of Criterion 4, aimed at the 
maintenance, conservation and appropriate improvement of biological diversity in forest 
ecosystems. Deadwood was distinguished into “standing dead tree”—SDT, or snags—
and “lying deadwood” or logs, the latter defining deadwood on the ground, which can 
be further distinguished in “coarse woody debris” or CWD, i.e., coarse woody detritus 
with a diameter of the smallest section equal to or greater than 10 cm, and “fine woody 
debris” or FWD, i.e., fine woody detritus with a diameter between 10 and 2.5 cm [2–4]. 
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Woody debris with a diameter of less than 2.5 cm is considered part of the litter [4,5]. 
CWD provides many micro-habitats for several species of micro- and macro-fauna, and 
the diametric variability of CWD can substantially increase forest biodiversity. For in-
stance, Stokland et al. [6] found that some species prefer small diameters <20 cm, others 
colonise only dry woods with diameters greater than 20 cm or even 40 cm, while only 
~20% of the species examined were found to be generalist [6]. However, these diametric 
thresholds cannot be generalised because the size and abundance of deadwood is highly 
variable and depends on forest type, successional phase, climate, and forest management 
practices [7–10]. Furthermore, the potential benefits for biodiversity depend on the level 
of decay of deadwood, either snags, logs, or stumps, and on the presence of all decay 
classes in the forest (from recently dead stems to highly decomposed debris) [11]. 
The objective of this research was to quantify and qualify deadwood in two beech 
forests of the Spanish autonomous community La Rioja, in order to determine the effect 
of different levels of forest accessibility on deadwood. Moreover, using values established 
by the Intergovernmental Panel on Climate Change (IPCC) in 2006 [12], we contributed to 
define estimates of the amount of carbon (C) stored both in living trees and in the dead-
wood within beech forests of La Rioja. 
2. Materials and Methods 
2.1. Study Area 
La Rioja is the second-smallest Spanish autonomous community (5045 km2), and it 
has the lowest number of inhabitants (315,675, for a density of 62.57 inhabitants/km2) [13]. 
La Rioja has a wide variety of landscapes, flora, and fauna, due to the different geograph-
ical characteristics of its areas: it is possible to distinguish a valley area in the north, called 
“Valle del Ebro”, and a mountainous area in the south, called “Sistema Ibérico”. The prox-
imity with the Atlantic Ocean and the Mediterranean Sea greatly influences climatic var-
iability in a region characterised by complex topography. Hence, climatic conditions in La 
Rioja are remarkably heterogeneous, but in general are characterised by a cold and humid 
winter season, with frequent snowfall both on the mountain ranges and in some valleys, 
while the summer season is dry and hot, with minimal rainfall. Spring and autumn are 
characterised by mild temperatures and abundant rains, especially in spring. Yearly tem-
perature generally varies from −2 °C (January) to 26 °C (August) and rarely drops below 
−3 °C or rises above 35 °C. The average annual rainfall is 400 mm. La Rioja has a total 
extension of over half a million hectares, of which almost 62% is devoted to forest use, 
higher (7%) than the national average. More than half (66%) of La Rioja’s forest area is 
publicly owned, and the remaining 34% is privately owned [14]. 
The study area is about 10 km away from the historic centre of Enciso, a municipality 
of La Rioja with a population of about 170 inhabitants. This study was conducted in two 
pure beech forests, although in the surrounding areas beech stands are often located near 
or intermixed with reforested stands of Pinus sylvestris. Stands located in areas character-
ised by difficult accessibility are generally left to natural evolution, given their relevance 
from conservation, soil protection, and aesthetical points of view. On the other hand, more 
accessible stands undergo phytosanitary thinning or cuts, following the approval of a Pro-
ject or Technical Plan for the Management of Forest Resources of Public Utility Forests, as 
established by Law 2/1995, concerning the protection and development of the forest her-
itage of La Rioja [14]. The studied beech forests, located on slopes of 10–20%, were evenly 
aged high forests, with small coppice areas. They had not been subjected to any manage-
ment plan, but there may have been legal concessions in past years. 
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2.2. Data Collection 
The field surveys were carried out for gathering: (1) dendrometric information of the 
stan; (2) quantitative; and (3) qualitative descriptions of deadwood. The surveys were con-
ducted in four macro-areas of study (MAS1, MAS2, MAS3, MAS4), located within beech 
forests served by forest roads. In each MAS, three circular plots with a radius of 20 m and 
a surface area of 1256 m2 each were established, for a total of twelve sampling plots. The 
presence of a quantitative gradient of deadwood from the access roads to the inner forest 
was investigated by placing the three plots in each MAS at increasing distance from the 
access road to define three accessibility classes: the easy accessibility class from 20 to 60 m 
(E); the medium accessibility class from 60 to 100 m (M); and the difficult accessibility class 
from 100 to 140 m (D). Being located on slopes, increasing distance from the road always 
corresponded to an increase in altitude: as a result, MAS1 ranged between 1400 and 1430 m 
a.s.l., MAS2 between 1340 and 1365 m a.s.l., MAS3 between 1295 and 1310 m a.s.l., and 
MAS4 between 1490 and 1515 m a.s.l. For each plot, elevation, slope, aspect, and coordi-
nates were recorded. Once the centre of the plot was identified, for each living tree, diam-
eter at breast height (DBH) was recorded using a calliper to the nearest millimetre; for 
each snag, height using a Vertex hypsometer with metric precision, decay class, and DBH 
and diameter at half height (for snags with total height equal to or less than 4 m) were 
recorded; for each dead stump, diameter, height, and decay class were recorded. Further-
more, the height of at least 8 live trees/plot were measured, generally at least two per 
diameter class. To obtain the quantitative and qualitative information of the logs, two lin-
ear transects 50 m long and 1 m wide were performed in each plot, perpendicular to each 
other and with the centre falling in the same centre of the plot. The parameters of the logs 
with a diameter ≥2.5 cm, snags, and dead stumps were measured along the transect. The 
degree of decay of deadwood was defined using the visual classification system of Hunter 
[15] and Morelli et al. [16]. According to the classification system, each snag, log, and dead 
stump was assigned to a specific decay class. 
2.3. Data Analysis 
Tree density (trees/ha), basal area (m2/ha), average diameter (cm), and average height 
(m) were calculated for each MAS. The woody volume per hectare (m3/ha) of each sam-
pling area was calculated using double-entry volume tables [17]. In order to convert living 
trees and deadwood volumes in carbon stocks, the carbon concentration and the basal 
density typical of the species are needed. These values were not available for the Riojan 
beech trees; therefore, reference values for carbon concentration were obtained from the 
Intergovernmental Panel on Climate Change [12] (49% of the dry mass of living trees). 
The basic density of deadwood varies according to the decay class. In this study, values 
obtained experimentally for central Italian beech [18] were used, according to which the 
five decay classes had a basic density of 0.61 t/m3, 0.51 t/m3, 0.45 t/m3, 0.42 t/m3, and 0.24 t/m3, 
respectively. Differences in volumes found in each plot and decay class were investigated 
for categories of deadwood (snags, logs, and dead stumps) and forest accessibility class 
using Tukey’s test and ANOVA after homogeneity of variances between sampling plots 
had been assessed using Levene’s test. 
3. Results 
3.1. Results of the Dendrometric Analysis 
The results of the dendrometric analysis are shown in Table 1. For each MAS, density, 
basal area, average diameter, average height, and average volume were reported. The p-value 
shows the results of the ANOVA. 
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Table 1. Results of the dendrometric analysis for each macro-areas of study (MAS). 
Parameter MAS1 MAS2 MAS3 MAS4 p-Value 
Density (trees/ha) 916 406 451 496 <0.05 
Basal area (m2/ha) 33.8  34.7 35.2 39.6 <0.05 
Average diameter (cm) 21.7 33 31.5 31.8 <0.05 
Average height (m) 16.7 19.8 19.5 19.6 <0.05 
Average volume (m3/ha) 402 506 504 566 <0.05 
3.2. Results of the Qualitative and Quantitative Analysis of the Deadwood 
The quantitative analysis of volumes in snags, dead stumps, and logs, by MAS and 
accessibility class, showed that in most cases the D plots had on average the lowest dead-
wood volume (9.9 m3/ha) (Figures 1 and 2). The largest deadwood volume was found in 
the E plots (31.6 m3/ha), followed by the M plots (25.7 m3/ha) (Figure 2). Hence, the average 
volumes of snags, logs, and dead stumps decreased with decreasing accessibility (Figure 1). 
 
Figure 1. Volumes of snags, dead stumps, and logs divided by MAS and accessibility classes. 
Deadwood volume decreased from the easy accessibility class to the forest to the dif-
ficult one (Figure 2). In relative terms, deadwood represented 5.9% of the total volume 
(biomass + necromass) in the easy accessibility class, 5.1% in the medium accessibility class, 
and only 2% in the difficult accessibility class. 
The Tukey test was applied to check if there were statistically significant differences 
within the same deadwood category as the accessibility class changed. The same letters 
within each category indicate no statistical difference based on the accessibility class (Figures 
2 and 3). Deadwood in general and snags indicated that, as the accessibility class increased, 
the average volumes decreased in a statistically significant way. The average volumes of 
dead stumps and logs decreased more gradually; no significant difference was detected 
in the E and M plots (Figure 2). It is interesting to note that the differences in deadwood 
total volume were driven by the snag volume in E and M; dead stump and log volume 
showed no statistical difference. 
Deadwood in general had an average decay value of 3 in each accessibility class, 
hence no statistical differences were detected by the Tukey test (Figure 3). Snags had an 
average decay value of 3 in the E and D plots, and of 2 in the M plot; in fact, the Tukey 
test revealed this difference. Dead stumps had an average decay value of 4 in the E and M 
plots, statistically different from those in the D plot. Logs had an average decay value of 
3 in the E and M plots and of 2 in the D plot, statistically different from those in the D plot. 
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The Tukey test detected the statistical difference between the E and M plots, and the D 
plot (Figure 3). Hence, all the decay classes were present, except the first (Figure 3). 
 
Figure 2. Volumes of deadwood categories for each accessibility class. Different letters indicate 
significant statistical differences by Tukey’s test in total deadwood and each deadwood category. 
 
Figure 3. Decay classes of the categories of deadwood for each accessibility class. Different letters 
indicate significant statistical differences by Tukey’s test in total deadwood and each deadwood 
category. 
3.3. Carbon Storage 
Live trees had an average biomass of 289.2 t/ha in the easy accessibility classes, 273.8 t/ha 
in the medium accessibility classes, 282.3 t/ha in the difficult accessibility classes, and 
stored 141.7 t/ha, 134.2 t/ha, and 138.3 t/ha of C, respectively. 
Total deadwood was on average 14.2 t/ha in the easy accessibility class, 11.6 t/ha in 
the medium accessibility class, and 4.5 t/ha in the difficult accessibility class, stocking 6.9 t/ha, 
5.7 t/ha, and 2.2 t/ha of C, respectively. Specifically, snags showed an average mass of 6.4 t/ha 
in the easy accessibility class, 4.8 t/ha in the medium accessibility class, and 0.2 t/ha in the 
difficult accessibility class, stocking 3.2 t/ha, 2.4 t/ha, and 0.1 t/ha of C, respectively. Dead 
stumps had an average mass of 0.6 t/ha in the easy accessibility class, 0.4 t/ha in the me-
dium accessibility class, and 0.1 t/ha in the difficult accessibility class, stocking 0.3 t/ha, 
0.2 t/ha, and 0.032 t/ha of C, respectively. The logs had an average mass of 7.2 t/ha in the 
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easy accessibility class, 6.9 t/ha in the medium accessibility class, and 4.9 t/ha in the diffi-
cult accessibility class, stocking 3.5 t/ha, 3.4 t/ha and 2.4 t/ha of C, respectively. 
4. Discussions 
The volume of the deadwood decreased with the lower accessibility. This trend is 
opposite to the knowledge in literature; in fact, the accessibility to the forest is considered 
a factor that facilitates the collection of deadwood by man, and generally, a decrease in 
the amount of deadwood is expected approaching the access roads [19]. Other factors may 
affect accessibility, such as ground slope and its direction relative to the road. The size 
and decay class of deadwood can also influence the propensity to collect. The human use 
of deadwood as fuel is normally more related to fallen trees than to snags or dead stumps, 
as well as to the lower decay class [19]. 
The volume of deadwood found was compared with the data of the National Forest 
Inventory of La Rioja [20]. The inventory showed that, in the beech forests of La Rioja, 
there were 3.74 m3/ha of standing dead trees with DBH > 7.5 cm, 0.49 m3/ha of standing 
dead trees with DBH < 7.5 cm, 3.86 m3/ha of logs with DBH > 7.5 cm, 0.39 m3/ha of logs 
with DBH < 7.5 cm, 0.10 m3/ha of dead stumps, 2.62 m3/ha of dead branches, and 1.07 m3/ha 
of stumps. Adding together the volumes of these categories, we obtained 5.3 m3/ha for 
snags, 6.87 m3/ha for logs, and 0.10 m3/ha for dead stumps, for a total of 12.27 m3/ha of 
deadwood. As reported by Crecente-Campo et al. [21], the average volume of wood nec-
romass in the Spanish forests was 8 and 10.5 m3/ha according to the third and fourth Span-
ish National Forest Inventories (SNFI3, 1997–2007; SFNI4, 2008–2013), respectively. There-
fore, the volumes recorded in this research far exceeded the national average volume es-
timated from the inventories; in fact, almost 22.5 m3/ha of deadwood have been estimated, 
but it was distributed differently according to the class of accessibility. This situation 
could be due to several causes, among these, the combination of slope, cattle grazing, and 
frequent rain and snow phenomena may have favoured the rolling and the accumulation 
of deadwood from mountain to valley, then towards the roads; and the deadwood might 
have been collected by man in the access classes furthest from the road, because they are 
less visible. 
The values of carbon stored in deadwood within the sampling areas far exceed those 
estimated by Gasparini and Di Cosmo [22] and by Vallauri et al. [23] for the Italian beech 
forests, i.e., 3.1 t/ha and 5 t/ha, respectively. The stored carbon values depend on the vol-
ume of deadwood, therefore these also decrease as the distance from the access road to 
the forest increases. These high carbon accumulations are one of the positive consequences 
resulting from the presence of high quantities of deadwood in the forests. 
5. Conclusions 
In conclusion, both the quantity and the quality of the deadwood in the investigated 
areas were determined. The deadwood, and therefore the amount of stored carbon, were 
higher than those reported in the Spanish and Italian national forest inventories. Specifi-
cally, they were also higher than the average reported for Riojan beech forests, and also 
compared to the averages reported in other Italian and European studies in the literature. 
All decomposition classes except the first were found, and this suggests minimal anthro-
pogenic pressure on the deadwood within the studied beech forests. The lack of anthropic 
disturbance, in fact, leads to the natural decomposition of this important ecosystem com-
ponent. In any case, it is a desirable compliance with the regulations in force, so that, in 
the absence of specific authorisation, the deadwood is not removed but left to decompose 
naturally. 
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